Gender, preoperative function, and other variables were explored as predictors of recovery after total hip and knee arthroplasty. One hundred fifty-two subjects (63.8 F 10.2 years) were repeatedly assessed in the first 4 postoperative months. Average recovery curves for the Western Ontario and McMaster Universities Osteoarthritis Index, 6-minute walk test, and timed up and go test were characterized using hierarchical linear modeling. Recovery predictors were sequentially modeled after validation of the basic developmental models. Gender was a significant predictor ( P V .003) of physical performance measure scores 1 week after surgery. Thereafter, men and women had similar rates of improvement. Preoperative score was a significant predictor ( P V .001) in all models. Patients' and surgeons' expectations of outcome need to take preoperative function into account.
A growing number of studies suggest that poor preoperative functional status is associated with poorer outcome in terms of both function and pain after total joint arthroplasty [1] [2] [3] [4] [5] . This has important implications, particularly for women who, in a number of studies, have been shown to have more disability at the time of surgery and a willingness to accept greater decline in function before considering surgery [6] [7] [8] [9] [10] . In examining the relationship between function preoperatively and postoperatively, self-report measures of disability have been used. It is not known whether a similar relationship exists with performance measures.
Although a number of studies have documented that women have greater disability at the time of surgery, more research is needed on the impact of gender postoperatively. Holtzman et al [7] studied gender differences in functional status and pain in a Medicare sample and found that women were more disabled at the time of total hip arthroplasty (THA) and did not do as well at 1 year. Weaver et al [11] examined the relationship between patient characteristics and outcomes in veterans after total joint arthroplasty and found that women post-total knee arthroplasty (TKA) were more likely to have complications and longer average hospital lengths of stay.
A better understanding of the patterns of early recovery after THA and TKA, and their relationship to baseline preoperative function, gender, and other potential predictors is required. Although comorbidity and age have been reported to be significant predictors of complications, length of hospital stay, need for inpatient rehabilitation, and mortality [12, 13] , their reported impact on postoperative function is variable [14] [15] [16] [17] [18] .
The purposes of this study were twofold: first, to establish the average pattern of recovery for the pain and physical function subscales of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), the 6-minute walk test (6MWT), and the timed up and go test (TUG) in the early postoperative period after TKA and THA; second, to explore gender, site of arthroplasty, preoperative baseline function, age, number of comorbidities, and the interactions among these variables as predictors of recovery.
Materials and Methods
The sample for this study consisted of patients with end-stage osteoarthritis who underwent THA or TKA. All of the surgery was conducted at a specialized orthopedic tertiary care facility in Toronto. Subject recruitment was based on the following criteria: diagnosis of osteoarthritis scheduled for primary total joint arthroplasty; sufficient language skills to communicate in written and spoken English; and absence of neurological, cardiac, and psychiatric disorders or other medical conditions that would significantly compromise physical function. Exclusion criteria included individuals scheduled for revision arthroplasty or bilateral arthroplasties, either simultaneous or staged.
Ethics approval for the study was received from the institution's research ethics review board. Data were collected on 188 patients who provided informed consent between October 2001 and March 2003. Of these patients, 36 had only baseline assessments and were lost to follow-up for the following reasons: canceled surgery, loss of follow-up due to the outbreak of Severe Acute Respiratory Syndrome in Toronto from April to June 2003, additional operative procedures, postoperative medical reasons, or patient choice. The demographic and preoperative baseline characteristics of the remaining 152 (81%) patients are summarized in Table 1 . All subjects who completed at least one postoperative assessment were retained for the analysis.
Design
This longitudinal, observational study used a repeated measures design to examine recovery profiles in arthroplasty patients using a number of self-report and physical performance measures. All patients underwent a baseline preoperative assessment 1 to 2 weeks before surgery. Postoperatively, all patients were treated using a standardized inpatient protocol, following either a primary total hip or knee care pathway. Patients undergoing TKA were permitted to be full weight bearing and participated in a progressive program of range of motion, strengthening exercises, and functional training. Patients after THA were educated about postoperative movement restrictions, and mobility and strengthening exercises were initiated. In this sample, most of the patients had weightbearing restrictions.
The study focused on the early recovery period encompassing the first 4 months after surgery. To provide an accurate representation of change over time, the timing of the patients' follow-up measurements was not standardized. Three assessments were scheduled; the first assessment in most cases occurred at discharge from hospital and subsequent visits often coincided with surgeon follow-up.
Measures
The WOMAC, 6MWT, and TUG were chosen as measures able to provide a comprehensive assessment of the recovery of function. Because the main goals of arthroplasty are to decrease pain and improve function, similar to other research [2, 3, 19] , only the pain (5 items) and physical function subscales (17 items) of the WOMAC were profiled. The WOMAC is considered one of the leading self-report measures of outcome in the arthroplasty population, and numerous studies have examined its reliability, validity, and responsiveness. McConnell et al [20] have provided an excellent summary of this work. In the current study, patients completed the full-length Likert scaled version of the WOMAC (LK 3.1). Each subscale is rated on a scale of 0 to 4 with a maximum score of 20 on the pain subscale and 68 on the physical function subscale with higher scores representing more pain and worse function. The total scores from each of the pain and physical function subscales were used in the analyses.
The 6MWT has been shown to be a valid and reliable measure of mobility in older adults [21, 22] . It has been used to monitor decline and recovery in the arthroplasty population [19, [23] [24] [25] [26] , and its responsiveness has been demonstrated in patients after TKA [19, 27] .
To complete the 6MWT, patients were instructed to cover as much distance as possible during the 6-minute time frame, with opportunity to stop and rest if required. The test was conducted on a premeasured, 46-m uncarpeted, rectangular indoor circuit. The course was marked off in meters, and the distance traveled by each subject was measured to the nearest meter. Because encouragement has been shown to improve performance [28] , standardized encouragement such as, bYou are doing well, keep up the good work,Q was provided at 60-second intervals.
The TUG, a less physically challenging measure, suited for the early postoperative period [29] has been used in a number of studies with arthroplasty patients [10, [30] [31] [32] . The reliability and validity of the TUG in quantifying functional mobility have been established in frail elderly persons [33] .
To complete the TUG, patients were required to rise from a standard arm chair, walk at a safe and comfortable pace to a tape mark 3-m away, then return to a sitting position in the chair [33] . The outcome for the TUG is the time required to perform the activity with time measured, using a stopwatch, to the nearest one hundredth of a second. For both the TUG and 6MWT, patients were permitted to use the regular walking aids used at the given stage of recovery.
Analysis
Descriptive statistics including the mean and standard deviation were calculated for each of the measures according to gender and site of arthroplasty. Independent t tests were performed to compare those subjects lost to follow-up with those who completed testing. Hierarchical linear modeling (HLM) was used to characterize the average pattern of recovery for each of the measures [34] [35] [36] . In addition to estimating average change over time and the effects of selected predictors on change, HLM produces estimates of the degree of individual differences in the pattern of change. Hierarchical linear modeling does not require the same number of measurements for each patient, nor does it require the measurements to be taken at the same points in time.
To aid in the interpretation of the model, the data were centered at 1 week after surgery, because this corresponded to the time when many patients had their first assessment and represented their lowest point of function. The basic model of change in function over time, without considering clinical predictors, includes parameters that estimate the patients' self-reported or actual measured function at 1 week postsurgery and the patients' rate of change (slope) in function for every week thereafter. Recognizing that the rate of improvement would eventually slow the model also includes the square of time as a predictor to estimate the change in the growth rate for each week after 1 week. This type of quadratic model is a standard method of allowing for curvilinear change within a linear regression framework. In HLM analyses, individual differences in the recovery pattern are estimated as variances in the parameters of change.
After validation of the basic developmental model, the following were investigated as predictors of recovery: gender, site of arthroplasty (hip or knee), age, number of comorbidities, and baseline preoperative function. The number of comorbidities was recoded into a binary variable, less than 3 comorbidities or 3 or more comorbidities. Age and baseline preoperative function were modeled as continuous variables. In each case, the baseline preoperative scores of the outcome measure being modeled were used.
Predictors were explored individually: first, to evaluate their effects on overall average score; second, as interactions with time (growth parameters) to test their effects on the overall average growth rate. During this sequential model building, the decision to retain a predictor was based on its level of significance and the change in the likelihood-based statistics. At each stage, terms introduced earlier in the equation remained if they were significant. All of the analyses were conducted using the statistical software package SPSS 11.5 (SPSS Inc, Chicago, Ill).
Results
Nonparticipants (lost to follow-up) and participants were similar in terms of preoperative function, number of comorbidities, and body mass index, but nonparticipants were older. All participants completed baseline preoperative assessments and had at least one assessment during the 4 months postoperative period with 50.7%, 26.4%, and 5.6% assessed 2, 3, and 4 times, respectively.
As can be seen in Figs. 1-4 , pain and disability declined and 6MWT increased fairly steadily between 1 and 9 to 12 weeks. Site of arthroplasty ( Fig. 1 ) was a significant predictor of the estimated WOMAC pain score at 1 week after surgery. Fig. 2 illustrates the impact of preoperative scores by plotting each curve based on the preoperative WOMAC pain score for the 25th, 50th, and 75th percentile scores for the patients. Interactions of the predictors with time were tested but were not significant, indicating that these variables did not affect change over time. In terms of the WOMAC pain scores, there was significant variation between individuals in pain at 1 week postsurgery, but thereafter, the subsequent rate of change was similar among patients. Therefore, patterns of improvement of WOMAC pain were similar for patients with TKA and THA and for individuals with different preoperative pain levels.
A model with similar parameters provided the best fit for the WOMAC physical function subscale scores. The only difference was that site of arthroplasty was not a significant predictor. During model development, gender was a predictor of 1-week score until preoperative baseline score was added, at which time, it was no longer significant ( P = .084). The interaction of the predictors with time was not significant, indicating that these clinical variables did not affect change over time.
Preoperative 6MWT score, gender, and site of arthroplasty were all significant predictors of 6MWT distances at 1 week after surgery ( Figs. 3  and 4 ). Fig. 3 shows that patients with higher preoperative 6MWT distance scores had higher function at 1 week postoperatively than patients with lower preoperative scores. A significant interaction was found with baseline preoperative 6MWT score and weeks after surgery, such that patients with higher preoperative scores are predicted to have a faster rate of improvement than those beginning with lower scores (ie, shorter distances). The interaction of the growth parameter with site of arthroplasty indicates that the instantaneous rate of change differs for patients after THA and TKA at 1 week after surgery, with individuals undergoing TKA showing a slower gain in distance over time (Fig. 4) . Although women begin with lower 6MWT scores, their rate of improvement is similar to men.
Predictors for the TUG model included gender, site of arthroplasty, baseline TUG function, and an interaction between time and arthroplasty site. One week after surgery, women have worse TUG function than men, and patients post-THA are slower than those post-TKA. Similar to the 6MWT model, there was an interaction between time and site of arthroplasty, with patients after THA demonstrating a faster rate of recovery than patients post-TKA. As in the other models, the TUG model indicated that patients varied according to their initial score, 1 week after surgery, but the pattern of growth was the same among patients. Comorbidities and age were not predictive variables for any of the models.
Discussion
This study has examined early recovery of physical performance and self-report function, during the period of greatest change after THA and TKA. Using HLM techniques, different patterns of recovery and predictors of change were observed for the self-report and performance measures. In addition to producing typical recovery curves, differences between patients were explored and demonstrated that the only significant variation occurred in patients' starting points with respect to pain and function, 1 week after surgery. During 6MWT modeling, there was a significant random effect for weeks after surgery, indicating that individual variation did exist in the rate of recovery. However, this effect disappeared once baseline function was added. In this case, knowing where people started before surgery accounted for a substantial portion of the variance observed in the growth rates in the early postoperative period.
The predicted growth curves for the WOMAC pain subscale demonstrate that patients post-TKA have higher levels of pain than patients post-THA at 1 week postoperatively. Several studies have documented higher levels of pain in patients post-TKA compared with THA [37] [38] [39] . The absence of an interaction between the growth parameters and site of arthroplasty indicates that the subsequent predicted rate of improvement is similar for patients with either THA or TKA. Although gender was initially a significant predictor during model development, it was no longer significant once baseline preoperative function was added. This was also the case during modeling of the WOMAC physical function scores. However, baseline function would, to some extent, have already accounted for gender because women demonstrated greater disability preoperatively than men [8, 10] .
The model for the physical function subscale was the simplest of the 4 measures. In addition to the growth parameters and the intercept, baseline preoperative function was the only other model parameter influencing the estimated score at 1 week. Lingard et al [40] similarly found that preoperative WOMAC function score was the strongest determinant of the WOMAC function score at 1 and 2 years postoperatively.
The growth models for the performance measures were more complex. In terms of the 6MWT, both baseline score and site of arthroplasty impacted the rate of change. Both were also predictors of the distance walked at 1 week. Although patients undergoing THA are predicted to start postoperatively at a lower 6MWT distance than those undergoing TKA, their rate of recovery is faster. As depicted in the growth curves ( Fig. 4) , they catch up with the patients post-TKA at around 11 to 12 weeks. Their initial slower start is probably a reflection of their early postoperative restrictions, including positional restrictions to avoid dislocation; in this sample, almost 70% of the patients had weight-bearing restrictions. It is noteworthy that although women start with worse 6MWT distances, their rate of recovery is predicted to be similar to men. The impact of gender was the same for the TUG model with women having worse scores 1 week after surgery and thereafter, a similar rate of recovery as men.
Patients with better preoperative scores are predicted to improve their 6MWT distances faster. The importance of baseline preoperative function cannot be overlooked, as it was a significant predictor in both the self-report and performance measure models. These findings support the recent studies, which have found that worse preoperative functional status is associated with worse outcome [2] [3] [4] [5] 40] and have important implications concerning the preoperative management of arthroplasty candidates. It is likely that baseline function also accounts for the fact that age and number of comorbidities were not significant predictors; their influence would be captured in the preoperative scores.
By characterizing the typical recovery curves of commonly used measures in the assessment of patients postarthroplasty, this study has provided useful guidelines to researchers and clinicians interested in monitoring change. Comparison of measured scores to predicted scores at specific time points on the graphs can be used to monitor progress and guide treatment decisions. It is important to realize that the results should not be extrapolated beyond the time points used to generate the model. For example, values at zero weeks should not be interpreted as initial testing began approximately 1 week after surgery.
Researchers conducting longitudinal studies are often confronted with the problem of missing data across time points. This was also the case in this study. In the present study, it was expected that patients would have a minimum of 2 visits in approximately 4 months, although the scheduled times were not standardized across patients. As noted in the results, only 83% of the patients had 2 or more visits. The strength of HLM is its wellestablished methods for handling missing data and irregular measurement intervals [34, 41] . Use of this technique does not require the number and timing of observations to be the same across all subjects. In the case of the arthroplasty patients who had data for only one time point, the mixed effects model would stabilize their estimates by anchoring them to the group average. Hierarchical linear modeling will give unbiased estimates of change curves if the reasons for lack of data are unrelated to the score patients would have obtained if they had been measured.
A consequence of the limited data points was its potential impact on the random effects of the growth curves. Having fewer data points restricts the complexity of the random effects possible. In all of the described models, the only significant random effect was the intercept, indicating that individuals varied in their starting point 1 week after surgery.
Another potential limitation of this study was the sample. The mean scores of the performance measures preoperatively ( Table 1 ) indicated higher function than those reported in other studies [10, 19, 24, 42] . One potential explanation was the age of our sample with 25% of the patients 58 years or younger. As noted in the Canadian Joint Replacement Registry, the numbers of THA and TKA in the 45 to 54 years age group have increased between 1994/1995 and 1999/2000 [43] . The older age of the subjects lost to follow-up may have been a consideration; however, they did not differ on their preoperative scores. In addition, individuals with higher disability may have chosen not to participate because of the performance measure requirement. The aforementioned factors could alter the estimation of the growth curves. Therefore, it is important to replicate the findings in new samples and different settings.
This study has contributed new knowledge about the early recovery patterns and predictors of change of the 6MWT, TUG, and the WOMAC pain and physical function subscales in arthroplasty patients. Gender was a predictor in only the physical performance measure models. In these models, although women began with worse function 1 week after surgery, their rate of recovery was similar to men. Baseline preoperative score was a predictor of outcome in all of the models. Understanding the early postoperative physical disability of patients can be of assistance in determining resource allocation and discharge destination as lengths of stay continue to decrease. Surgeons' expectations of outcome need to take preoperative function into account. Similarly, the importance of preoperative function as a predictor of postoperative recovery has significant implications for the preoperative treatment and education of arthroplasty candidates.
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